Purpose The aim of the study was to evaluate whether arthroscopic (ASC) repair of rotator cuff ruptures causes less postoperative pain and better range of motion (ROM) in the early postoperative period than a mini-open (MO) technique. Methods Inclusion criteria were a rupture of the supraspinatus tendon with retraction with a maximum to the apex of the humeral head and minor fatty degeneration and atrophy of the muscle. Each group (n=17) had similar demographics and preoperative magnetic resonance imaging (MRI) findings (mean age 60.1 years, SD 8.8, range 43-71). The ASC group underwent double-row repair with resorbable anchors; the MO group received a transosseous repair. The postoperative rehabilitation was standardised and equivalent in both groups. Results In the first week fewer nonsteroidal anti-inflammatory drug (NSAID) tablets were needed in the ASC group. Pain scores on the visual analogue scale were similar in the first three weeks; however, from week four to eight the MO group had less pain (p<0.05). After six months, the ConstantMurley score and the ROM improved significantly (p<0.05) in both groups without differences between the groups. Postoperative MRI revealed in three of 16 patients a discontinuity of the tendon in both groups; in the ASC group there were more patients (n=9) with a thinning of the tendon compared to the MO group (n=6). Conclusions There was less use of NSAIDs in the first postoperative week in the ASC group, indirectly indicating less pain, but higher pain scores in the later course (weeks four to eight) compared to the MO group. ROM, MRI findings and the scores were similar after six months, demonstrating that both techniques are equivalent regarding the outcome in this period.
Introduction
Symptomatic rotator cuff ruptures (RCR) can be repaired with good outcome if fatty degeneration, atrophy of the muscle and retraction of the tendon are not too severe and the tendon can be repaired without tension to its original insertion site [1] [2] [3] [4] [5] [6] . With the evolution of all-arthroscopic (ASC) techniques there is a strong tendency to perform this procedure arthroscopically [7] . Possible advantages of the ASC technique include less trauma to the deltoid, less risk of axillary nerve palsy and better cosmetic results [5, [8] [9] [10] [11] [12] . This technique has to be evaluated in comparison to established and successful open techniques [8, 9] Recent mainly retrospective comparative studies of RCR have demonstrated a similar outcome of ASC compared to MO refixation of RCR. There are few studies that have shown that the ASC patients had less pain and fewer incidences of arthrofibrosis [13] [14] [15] [16] . These studies are, however, retrospective and non-randomised. The hypothesis of this prospective randomised comparative study was that ASC repair causes less postoperative pain and gives a better range of motion (ROM) in the early postoperative period. In this study design the authors opted to compare a MO transosseous repair with an ASC double-row refixation technique. The transosseous repair was chosen because it provides a stable [17] [18] [19] , cost-effective [20, 21] and potentially biologically favourable fixation, since it obviates high stress concentrations of a point fixation with an anchor [22] . For the ASC technique a double-row fixation was used because it provides a similarly stable fixation with comparable footprint coverage [23, 24] .
Patients and methods
At a university shoulder department, 34 consecutive patients with an isolated rupture of the supraspinatus tendon were randomised according to an initially established protocol into two groups between July 2007 and July 2009. According to the randomisation protocol the first 17 patients were treated by the MO technique and the next 17 patients by the ASC technique. In this period a total number of 127 patients had surgery for various degrees of RCR. The ASC group underwent a double-row repair of the RCR of the supraspinatus with resorbable anchors (as described below); the other group (MO) received a transosseous repair with Mason-Allen stitches [25] . The local Ethics Committee approved the study (No. S-265/2007) and all patients consented to the study. Inclusion criteria were a rupture of the supraspinatus tendon with no involvement or less than one third involvement of the anterior infraspinatus, retraction to a maximum of the apex of the humeral head (less than category 2 according to Patte [26] ), minor fatty degeneration (less than category 3 according to Fuchs et al. [27] ) and atrophy of the muscle (less than category 3 according to Thomazeau et al. [28] ). Symptomatic acromioclavicular (AC) degeneration requiring the additional procedure of a lateral clavicular resection was an exclusion criterion. There were two smokers in the ASC and three smokers and two diabetics in the MO group. Each group (n =17) had similar demographics and preoperative magnetic resonance imaging (MRI) findings that were not significantly different between the groups in the Wilcoxon test.
The ASC group (mean age 60.1 years, SD 8.6, range 47-71; nine men/eight women, nine right/eight left side) included 12 with no or minimal retraction and five up to the apex of the humeral head (17×1°according to Patte), fatty degeneration according to Fuchs et al. 12×0°, 4×1°a nd 1×2°, and atrophy according to Thomazeau et al. 15×1°a nd 2×2°. The extent of the rupture in the anteroposterior (AP) dimensions averaged 2.9 cm (SD 1.07).
The MO group (mean age 60.1 years, SD 9, range 43-70; 12 men/five women, 12 right/five left side) also included 12 with no or minimal retraction and five up to the apex of the humeral head (17×1°according to Patte), fatty degeneration according to Fuchs et al. 8×0°, 7×1°and 2×2°, and atrophy according to Thomazeau et al. 16×1°and 1×2°. The extent of the rupture in the AP dimensions averaged 2.2 cm (SD 0.86).
Preoperative (n=17 in both groups) and six month (n=16 in both groups) postoperative MRI (1.5 T) included standard parasagittal, coronal and axial T1-weighted, T2-weighted and fast spin echo sequences. A blinded senior radiologist (TG) rated the size of the rupture and the postoperative integrity of the tendon according to a new classification system that was adapted from the one of Sugaya et al. [29] : (1=tendon intact with regular thickness, 2=tendon intact, but thinning, 3=small hole<225 mm 2 4= big hole>225 mm 2 ). We chose to use this slightly modified classification system because the differentiation of tendon of sufficient thickness with homogeneously low intensity (type 1 according to Sugaya et al.) and type 2 (sufficient thickness with partial high intensity) appeared less relevant in our situation. These two types were summarised in one category in our classification, because six months after the operation it is unusual to have a homogeneously low intensity of the tendon. Type 3 according to Sugaya et al. is identical to our category 2. Furthermore, Sugaya et al. distinguish between a minor (type 4) and a major discontinuity (type 5) without specifying the extent in mm 2 . Consequently, for a more reliable differentiation, we determined a minor discontinuity to be less than 225 mm 2 (e.g. 1.5×1.5 cm) and a major discontinuity to be more than 225 mm 2 .
Surgical technique
The patients were operated upon in the beach chair position under general anaesthesia. All patients received perioperative nonsteroidal anti-inflammatory drugs (NSAIDs) (diclofenac 50 mg 1-0-1) and opioids for pain medication and an interscalene block for two days. All operations were performed by two senior shoulder surgeons. One surgeon (PK) performed all arthroscopic operations and the MO patients were treated by PK in ten cases and the remaining seven by ML. All patients received an ASC subacromial decompression with release of the coracoacromial ligament and anterior of the acromion with bony resection depending on the individual anatomy ranging from 5 to 8 mm for signs of mechanical impingement (fraying of the bursal side of the supraspinatus tendon) [30] . Furthermore, a biceps tenodesis was performed in all patients to avoid increased pressure of the repaired supraspinatus tendon on the posterior pulley system of the biceps tendon, which in our experience can cause postoperative biceps tendinitis and pain. In the ASC group the biceps tenodesis was done with the first anchor (made out of polylactic acid, SPIRALOK, DePuy Mitek, Norderstedt, Germany) placed medially at the footprint of the supraspinatus just posterior to the bicipitalgroove with a lasso-loop stitch [31] and in the MO group by transosseous sutures through the posterior wall of the sulcus. If the tendon/muscle unit was rather stiff, care was taken to perform a periglenoidal release of the supraspinatus tendon to allow tension-free reduction of the edge of the tear to the original insertion site of the supraspinatus in both techniques. The bursa was removed as much as necessary to allow sufficient visualisation to perform the repair in both groups. If the tear was larger than 2.0 cm in the AP dimension in the ASC technique two medial anchors (made of polylactic acid, SPIRALOK, DePuy Mitek, Norderstedt, Germany) were used, otherwise one medial anchor was used in the ASC group. The sutures were passed through the tendon approximately 2.5 cm medial of the tear edge by penetrating graspers (CleverHook, DePuy Mitek, Norderstedt, Germany) in a mattress configuration. A lateral anchor (SPIRALOK, DePuy Mitek, Norderstedt, Germany) was placed just lateral of the footprint and the sutures were passed through the tendon in a lasso-loop [31] and singlestitch configuration approximately 1 cm medial of the edge. The lateral row was tied first and then the medial row to enable ideal coverage of the footprint.
In the MO technique through an anterior lateral deltoid split, two (or three in the case of a tear larger than 2.5 cm anterior/posterior) FiberWire (Arthrex, Karlsfeld, Germany) No. 2 sutures were passed through the tendon in a MasonAllen configuration approximately 2.5 cm medial of the tear edge by round needles. A shallow laterally based trough was created and the sutures were passed from the medial part of the footprint to a site approximately 2.5 distal of the lateral edge of the footprint.
Pain medication, scores and postoperative rehabilitation programme Pain was monitored with a standardised form on a weekly basis including the visual analogue scale (VAS, min. 0, max. 10), the amount of NSAIDs per day and opioid tablets per day for three months. The patients were advised to use NSAIDs up to a maximum dose of 200 mg diclofenac (i.e. four tablets per day as needed) and tramadole 300 mg (i.e. two tablets per day), but to refrain from taking tablets if they did not have pain. The patients were asked to rate the pain beginning from the end of the first week before taking pain medication. In the ASC group 14 patients (82% follow-up rate) and in the MO group 16 patients (94% follow-up rate) returned the questionnaire after three months. The patients were scored preoperatively, after three (n=17 in both groups) and six months (n=17 in the ASC and n=16 in the MO group) with the Constant-Murley score [32] and the American Shoulder and Elbow Society (ASES) shoulder index score (min. 0, max. 100).
The postoperative rehabilitation for both groups consisted of four weeks abduction pillow with 30°of abduction and passive ROM exercises by a physiotherapist. Afterwards, active ROM of the arm without limitations was allowed. The amount of postoperative physical therapy was monitored by a questionnaire and was equivalent for both groups: The ASC group received 27.9 (SD 11.2) physiotherapy sessions and the MO group 25.4 sessions (SD 13.1) [difference not significant (NS)]. Afterwards, the patients continued home exercises with a frequency of 2.5×/week (SD 0.7) in the ASC group and 2.6×/week (SD 0.6) in the MO group (NS).
Statistics
The statistical analysis was performed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Group mean values (MV) and standard deviations (SD) were calculated. A p value <0.05 was considered significant. The primary outcome parameter was the VAS; secondary outcome parameters were the amount of pain medication the patients used throughout the first three months, the ASES score, the Constant-Murley score, the integrity of the repair in the MRI and the ROM after six months. A power analysis with 80% with an expected difference on the VAS of 1.9 points yielded n=14 for both groups. Differences between the groups and the values at different time points were compared with the Wilcoxon test.
Results
Pain scores on the VAS were similar in the first three weeks; however, from week four to eight the MO group had less pain (Fig. 1, p<0.042) . The VAS scores in the MO group were 3.3 (SD 2.3) after four weeks compared to the ASC group with 4.7 (SD 1.9), and after eight weeks in the MO group 2 (SD 1.5) compared to the ASC group with 3.5 (SD 2.1). In the first week fewer NSAID tablets were needed in the ASC group with 2.2 tablets (SD 1.4) versus 1.6 tablets (SD 0.9) in the MO group (Fig. 2,  p=0 .027). The need for opioids was low after the first postoperative weeks in both groups, and there was no significant difference between the groups. Flexion, abduction and external rotation improved in both groups mainly from three to six months postoperatively (Figs. 3, 4 , 5, p<0.047). However, there were no significant differences between the ASC and MO groups.
Satisfaction was high in both groups (NS between both groups) after six months (Fig. 6 ). In the ASC group 14 of 17 rated their condition as being better than preoperatively and three of 17 as the same. In the MO group 13 of 15 reported an improvement of their postoperative condition and two of 15 a deterioration. After six months, the raw Constant-Murley score improved both from preoperatively to three months and from three to six months in both groups (p<0.01, Fig. 7) . The Constant-Murley score improved in the first six months by 20.8. points (SD 35.5) in the MO group and 25.2 (SD 21.5) in the ASC group. However, there was no significant difference between the ASC and MO groups. The shoulder score index of the ASES reflecting the activities of daily living improved significantly (p<0.05) in both groups without differences between the groups [ASC group from 44.3 points (SD 14.5) to 81 (SD 20) and MO group from 48.26 points (SD 20) to 86.9 (SD 16.3)]. In both groups three of 16 patients had a discontinuity of the tendon in the MRI. In the MO group the mode of failure was at the lateral insertion site in three of three cases, and in the ASC group at the lateral insertion in one case and medial of the medial anchors in two cases. In the ASC group there were more patients (n=9) with a thinning of the tendon compared to the MO group (n=6) (Fig. 8 ). In these cases there was tendon material in all slices of the MRI, but the tendon appeared to have less thickness than a regular tendon.
Discussion
The data demonstrate that there is no clear superiority of the ASC technique regarding postoperative pain and ROM Advocates of the ASC technique often argue that the ASC technique causes less pain and allows for better ROM in the earlier postoperative period. This might reduce the period patients have to be off work and indirectly reduce diseaseassociated costs. In this study, however, pain scores from week four to eight were higher in the ASC group than in the MO group. The reasons for this finding might be technical: Possibly in the MO group the periglenoidal release was done more extensively because bleeding is less of an issue compared to ASC where clear vision of the repair is required. However, a more extensive release is said to be beneficial for tension reduction in the muscle tendon unit which could relieve postoperative pain. Having said that, it is important to mention that with further improvement of surgical technique an arthroscopic release can be done as well as or with even greater control than in the open technique. Another issue is the swelling of the soft tissues during ASC that could impair healing in the very short term. However, clinically the swelling recedes relatively quickly within one day postoperatively which makes this issue less relevant. Another issue is the bursa: During ASC slightly more bursa must be removed to obtain good visualisation. However, the bursa has a high vascularity and contains cells that could facilitate healing [33] . On the other hand, elevated levels of cytokines associated with inflammation and pain mediators can be found in cases of patients with bursitis [34] [35] [36] and removal of this tissue might Fig. 7 The raw Constant-Murley score improved both from preoperative to 3 months and from 3 to 6 months in both groups (p>0.01). There was no significant difference between the ASC and MO groups There were no significant differences between the ASC and MO groups. Mean values and standard deviations are shown be beneficial. From our current state of knowledge we cannot define the role of the bursa. In our approach we remove only as much bursa as necessary to perform the surgery.
Pain in Visual Analog Scale
The majority of studies including meta-analyses comparing ASC and MO techniques have not shown a better outcome either by the ASC or the MO technique [10-12, 21, 37-39] (Table 1) . However, some studies indicate that the ASC technique yields a better outcome: Buess et al. retrospectively reviewed a case series including heterogeneous pathological conditions (e.g. partial ruptures, AC joint resections, subscapularis ruptures) by subjective scores such as the VAS, the simple shoulder test (SST) and patient satisfaction [15] . The authors found a higher improvement of pain scores in the ASC than in the MO group. The SST and patient satisfaction were similar. Limitations of the latter study are its retrospective nature, the heterogeneous pathology and the sole use of a questionnaire. Severud et al. published a retrospective series comparing the ASC and MO techniques [16] . Motion was slightly better in the ASC group (significant at six and 12 weeks, NS at final follow-up) with no shoulder stiffness compared to the MO group with 14% stiffness. While interpreting the results, one has to take into account the heterogeneity of the study groups. The MO group had more (n=18) large tears than the ASC (n=9) group. A selection bias might also be the problem with another study by Fig. 8 In the MRI 3 of 16 patients had a discontinuity of the tendon in both groups; however, in the ASC group there were more patients (n=9) with a thinning of the tendon compared to the MO group (n=6)
Colegate-Stone et al. [13] : tears with less than 3 cm in diameter were repaired arthroscopically while tears larger than 3 cm were done with a MO procedure. Accordingly, the ASC group performed better regarding the ConstantMurley, disabilities of the arm, shoulder and hand (DASH) and Oxford scores over 24 months. Millar et al. found 20% better ASES scores and less retears in ultrasound studies in the ASC groups than in a MO double-row anchor fixation [14] . Other scores were similar in the groups (Table 1) . Limitations of that study are the retrospective cohort design, a large proportion (48%) of patients lost to follow-up by two years post-surgery and various sonographers performing the imaging. Recently, some studies have compared the costs of the two techniques. Indeed, costs of both techniques differ tremendously: the ASC technique is more expensive mainly due to longer operating time and implants [20, 21] .
A limitation of our study is the relatively small number of patients within the groups. In spite of this fact significant differences were seen between the groups. Future studies should address this issue. Furthermore, two different surgeons performed the surgery, which might influence the outcome. However, one surgeon was the senior resident of the other surgeon, having been trained by him, so one can assume a similar technique. The short-term results are another limitation; however, the focus was on the potential advantage of the ASC in the early postoperative period with less operative trauma, less pain and quicker rehabilitation. Another issue is the fact that the repair techniques were not identical. However, the aim of this study was not a comparison of an arthroscopic doublerow repair to an open double-row repair, but comparison of what we considered the gold standard of each technique. It did not make sense to us to perform an open double-row with its known disadvantages such as anchor point fixation, implantation of multiple anchors in the bone with potential "toxic overload" and increased costs without a known benefit in comparison to a traditional transosseous suture repair.
Conclusion
In conclusion, there was less use of NSAIDs in the first postoperative week in the ASC group, indirectly indicating less pain, but higher pain scores in the later course (weeks four to eight) compared to the MO group. ROM, MRI findings and the scores were similar after six months, demonstrating that both techniques are equivalent regarding the outcome in this period. Based on these results, both surgical techniques are good options to repair a rupture of the supraspinatus tendon and to improve the symptoms of the patients. 
